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ABSTRACT
Objectives To systematically review published studies to
identify the characteristics that distinguish fractures in
children resulting fromabuse and those not resulting from
abuse, and to calculate a probability of abuse for
individual fracture types.
Design Systematic review.
Data sources All language literature search of Medline,
Medline in Process, Embase, Assia, Caredata, Child Data,
CINAHL, ISI Proceedings, Sciences Citation, Social
Science Citation Index, SIGLE, Scopus, TRIP, and Social
Care Online for original study articles, references,
textbooks, and conference abstracts until May 2007.
Study selection Comparative studies of fracture at
different bony sites, sustained in physical abuse and from
other causes in children <18 years old were included.
Review articles, expert opinion, postmortem studies, and
studies in adults were excluded.
Data extraction and synthesis Each study had two
independent reviews (three if disputed) by specialist
reviewers including paediatricians, paediatric
radiologists, orthopaedic surgeons, and named nurses in
child protection. Each study was critically appraised by
using data extraction sheets, critical appraisal forms, and
evidence sheets based on NHS Centre for Reviews and
Dissemination guidance. Meta-analysis was done where
possible. A randomeffectsmodelwas fitted to account for
the heterogeneity between studies.
Results In total, 32 studies were included. Fractures
resulting from abuse were recorded throughout the
skeletal system, most commonly in infants (<1 year) and
toddlers (between 1 and 3 years old). Multiple fractures
weremore common in cases of abuse. Oncemajor trauma
was excluded, rib fractures had the highest probability for
abuse (0.71, 95% confidence interval 0.42 to 0.91). The
probability of abuse given a humeral fracture lay between
0.48 (0.06 to 0.94) and 0.54 (0.20 to 0.88), depending on
the definition of abuse used. Analysis of fracture type
showed that supracondylar humeral fractures were less
likely to be inflicted. For femoral fractures, the probability
was between 0.28 (0.15 to 0.44) and 0.43 (0.32 to 0.54),
depending on the definition of abuse used, and the
developmental stage of the child was an important
discriminator. The probability for skull fractures was 0.30
(0.19 to 0.46); the most common fractures in abuse and
non-abuse were linear fractures. Insufficient comparative
studieswere available to allow calculationof a probability
of abuse for other fracture types.
ConclusionWhen infants and toddlers present with a
fracture in the absence of a confirmed cause, physical
abuse should be considered as a potential cause. No
fracture, on its own, can distinguish an abusive from a
non-abusive cause. During the assessment of individual
fractures, the site, fracture type, and developmental stage
of the child can help to determine the likelihood of abuse.
The number of high quality comparative research studies
in this field is limited, and further prospective
epidemiology is indicated.
INTRODUCTION
Skeletal fractures are diagnosed in up to a third of
children who have been investigated for physical
abuse.1-3 The fractures are often occult,1 4 and they
occur in infants and toddlers who cannot give a causal
explanation. Children who have been physically
abused represent a small proportion of the total
number of childhood fractures. Most children who
sustain fracturesdo so fromfalls,motorvehicle crashes,
or other non-abusive trauma.5 In addition, a small
group of children are more susceptible to fractures
owing to underlying conditions that contribute to bone
fragility.6 All health professionals who see children
should be able to recognise the characteristics of
fractures resulting from abuse and initiate child
protection investigations where necessary, to prevent
further injury that could be fatal.7 In reality, the
possibility of child abuse is often overlooked in clinical
practice.8 9
We systematically reviewed the published world
literature to answer the question “what features
differentiate fractures resulting from abuse from those
sustained from other causes?” We aimed to identify
indicators that can help clinicians to identify cases of
suspected child abuse when a child presents with a
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fracture for which the cause cannot be confirmed. We
explore the strengths and limitations of the current
evidence base and make recommendations for future
research in this field.We anticipate that this reviewwill
enable the development of evidence based clinical
guidelines. It will also contribute to the knowledge and
understanding of the scientific evidence that expert
medical witnesses are expected to have to support their
opinion in the family and criminal courts.
METHODS
Wedid a literature search of international publications
for original studies, using the databases and keywords
listed in figure 1 and box 1. We included studies in all
languages, as well as references from relevant studies,
textbooks, and conference proceedings.
We included comparative studies of children under
18 years old that described the distribution of fractures
identified on radiographs, in which the fractures
resulting from physical abuse were compared with
those from other causes. We excluded review articles;
expert opinion; consensus statements; studies of all age
groups inwhichwecouldnot separatedataonchildren;
studies judged to be methodologically weak owing to
significant bias, confounding factors, case attrition, or
incomplete ascertainment or in which the fracture
pattern was the primary factor used to define abuse;
and studies of outcome, management, or postmortem
investigation.
Each study had two independent reviews (three if
disputed) by specialist reviewers in the Welsh Child
Protection Systematic Review Group, including pae-
diatricians, paediatric radiologists, orthopaedic
surgeons, and named nurses in child protection. We
critically appraised each study by using data extraction
sheets, critical appraisal, and data extraction forms
based on 2001 guidance from the NHS Centre for
Reviews and Dissemination.10
We classified included studies according to the child
protection outcome decision and whether abuse had
beenexcluded in thenon-abusedgroup (table 1). In the
absence of a “gold standard” diagnostic test for child
abuse, we used ranking schemes that were designed to
ensure the best security of diagnosis.11 We judged
studies against the highest standard (rank 1), where “a
case outcome” of abuse had been made by a multi-
agency child protection group or a legal panel using all
available information relating to the case, a perpetrator
had admitted abuse, or the abusewaswitnessed. Lower
ranked studies gave no details about how authors had
come to a decision. In the non-abuse cases, the highest
ranked studies had actively excluded the possibility of
child abuse.
We estimated the probability of abuse according to
individual bony sites. We did a meta-analysis of cross
sectional studies of consecutive cases of children with
fractures seen inagivenhospitalor regional centreover
a given time period.
Comparing these studies was not straightforward
becausemany factors differedbetween them. Inclusion
criteria varied; some studies excluded motor vehicle
crashes, and others excluded pathological causes. For
the purposes of our analysis we attempted to exclude
motor vehicle crashes and fractures that occurred as a
consequence of surgery, as we thought that these cases
did not pose a clinical dilemma.Thedefinitionof abuse
that was used to classify cases varied between studies.
Some used a category of confirmed abuse, either
excluding cases of suspected abuse or combining them
with the non-abuse cases, whereas others combined
confirmedand suspected abuse cases.Wheredatawere
sufficiently detailed, we accounted for this in our
analysis. Age distribution varied greatly between
studies, as did the site and type of fracture covered by
the study.
For each bone for which the data justified meta-
analysis, a forest plot shows the calculated probability
of abuse with 95% confidence interval for all studies,
plotted by year of publication. The estimates of the
probability of abuse showed considerable heterogene-
ity between studies,12 so we fitted a random effects
model.13 Thismethodmodels heterogeneity by assum-
ing that each studyhas aprobabilityof abuse associated
with it and that these form a probability distribution
between studies. We estimated this probability dis-
tribution by a bayesian method, using WinBugs
(Spiegelhalter), and derived a 95% credible interval to
summarise the probability of abuse. The width of this
interval reflects the degree of heterogeneity between
studies aswell as thenumberof children included in the
studies.
In addition to the meta-analysis, we have provided a
descriptive analysis about specific features that relate to
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Fig 1 | Search strategy
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each fracture site.These conclusions are all drawn from
the comparative studies that met our inclusion criteria.
RESULTS
We included 32 comparative studies overall.w1-w32 We
included 26 cross sectional studies in the meta-
analyses; six additional studies provided useful com-
parative data but were not eligible for meta-analysis.
Seventy eight per cent of studies were done in the
United States; 78% had a ranking of 1-3 (table 1) for
abuse, and 80% had a ranking of 1 or 2 for the non-
abused group (web extra tables 2-6). All were
retrospective studies and based in the hospital setting.
However, studies variously included children attend-
ing or admitted to hospital. Data sources included
reviews of a combination of medical records, social
records, and radiographs. A small proportion imple-
mented independent review of records or radiographs
by several investigators who were blinded to case
allocation. Web extra tables 2-6 summarise citations,
results, and critical appraisals, according to the relevant
fracture site.
Fracture patterns in physical abuse and non-abuse
Seven studies compared the distribution of fractures in
cases of abuse and non-abuse. Fractures resulting from
abuse predominantly occurred in infant and toddler
age groups. Worlock and colleagues studied children
under 12 years old and showed that 80%of all fractures
fromabusewere seen inchildrenunder18months.w1 In
contrast, 85%of fracturesnot causedbyabuseoccurred
in children over 5 years. Figures from the study gave an
estimated population annual incidence of fracture due
to abuse of 4 per 10 000 children under 18months. The
authors estimated that in children under 18 months,
one in nine fractures were due to confirmed abuse
compared with one in 205 for those aged between 19
and 60 months and none in children over 5 years. Six
further studies estimated that between 25% and 56% of
fractures in children under 1 year of age arose from
child abuse; prevalence figures varied between studies
according to the definition of abuse and the inclusion criteriaused.w2-w7 Studies showed that in childrenunder
3 years old, skull fractures were by far the most
common fracture type in both abused and non-abused
children (web table 2).w3 w4
Worlock found a highly significant association
between multiple fractures and abuse—for example,
74% (26/35) of abused children had two or more
fractures compared with 16% (19/116) of non-abused
children.w1 This was supported by Leventhal and
colleagues in their study of fractures from traumatic
causes but not by McClelland and Heiple’s study, in
which half of the children in the non-abused group had
factors predisposing to bone fragility (web table 2).w4 w5
Fractures of lower limbs
Thirteen studies of femoral fracturesmet the criteria for
meta-analysis.w3 w6 w8-w18 These included 1100 children
under the age of 15, of whom 222 were classified as
confirmed abuse, 120 were classified as suspected
Box 1: Keywords and phrases used in database search
1. child abuse.mp.
2. child protection.mp.
3. (battered child or shaken baby or battered baby).mp.
4. 1 or 2 or 3
5. (child: or infant: or baby).mp.
6. non-accidental injur:.mp.
7. non-accidental trauma.mp.
8. (non-accidental: and injur:).mp.
9. soft tissue injur:.mp.
10. physical abuse.mp.
11. (or/6-10) and 5
12. 4 or 11
13. fractur:.mp.
14. 12 and 13
15. (investigat: adj3 fract:).mp.
16. (radiolog: adj3 fractur:).mp.
17. (roentgen: adj3 fract:).mp.
18. skeletal survey.mp.
19. bone scan:.mp.
20. isotope bone scan:.mp.
21. radionuclide.mp.
22. scintigraphy.mp.
23. tomography, x-ray computed/
24. ((paediatric or pediatric) adj3 radiolog:).mp.
25. ((paediatric or pediatric) adj3 nuclear medicine).mp.
26. or/15-25
27. (ageing adj3 fractur:).mp.
28. ((dating or date) adj3 fractur:).mp.
29. (pattern: adj3 fractur:).mp.
30. healing.mp.
31. or/36-42
32. 26 or 31
Table 1 | Ranking of definitions of child abuse and exclusion of abuse in comparison groups
Ranking Criteria
Definition of child abuse
1 Abuse confirmed at case conference or family, civil, or criminal
court proceedings; admitted by perpetrator; or witnessed abuse
2 Abuse confirmed by stated criteria including multidisciplinary
assessment
3 Abuse defined by stated criteria
4 Abuse stated but no supporting detail given
5 Suspected abuse
Exclusion of abuse in non-abused group
1 Abuse actively excluded by stated criteria; witnessed traumatic
cause; or confirmed organic cause
2 Exclusion of abuse implicit in casedefinition usedor stated criteria
given
3 Aetiology of non-abuse group merely stated
4 Aetiology of comparison not stated
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abuse, 223 had been involved inmotor vehicle crashes
or violent trauma, 29 had pathological fractures, and
506 were from other non-abusive incidents. Four of
these studies looked specifically at fractures of the
femoral shaft.w10 w14-w16
For the studies that included the combined cate-
gories of suspected and confirmed abuse, the overall
estimated probability of abuse given a femoral fracture
was 0.43 (95% confidence interval 0.32 to 0.54) (top
panel, fig 2), excluding childrenwhowere involved in a
motor vehicle crash or violent trauma. When we
excluded cases of suspected abuse, the probability that
a femoral fracturewas due to confirmed abusewas 0.28
(0.15 to 0.44) (bottom panel, fig 2).
Five studies provided sufficient data to enable a
comparison between the mean ages of children who
had a femoral fracture from abuse and those who had
femoral fractures from other causes.w8-w10 w15 w16
However, in some cases we had to estimate standard
deviations;wedeliberatelyoverestimated these, togive
conservative results. In these five studies, themean age
in the abused cases was significantly less than in the
non-abused ones. Schwend and colleagues looked at
motor milestones and found that fractures from abuse
were significantlymore common in childrenwhowere
not walking (web table 3).w16
The most common location of femoral fracture in
both abused and non-abused children was the mid-
shaft of the femur.w9 w10Overall,we foundnodifference
in the distribution of transverse, spiral, or oblique
fractures between the groups.w6 w8 w10 w12 w15 w17 Only
one study analysed spiral fractures by age; it found that
a spiral fracturewas themost common abusive femoral
fracture in children under 15 months, and no
significant difference existed between the distribution
of spiral fractures in abuse and non-abuse in children
older than 15 months.w12 Metaphyseal fractures were
reported in a greater proportion of abused than non-
abused children (web table 3),w8 w9 but insufficient data
were available for further meaningful analysis.
Only two studies described tibial or fibular frac-
tures.w3 w11 In children under 3 years old, Kowal-Vern
and colleagues reported one fracture from abuse out of
a total of eight fractures. For children under 18months,
Coffey and colleagues stated that 96% (23/24) of all
tibial or fibular fractures resulted from abuse.
Fractures of upper limbs
Six cross sectional studies looked at abusive humeral
fractures: two studies examined specific fracture
types,w19 w20 and four studies were suitable for meta-
analysis.w3 w6 w17 w21These studies includeda totalof 154
children who sustained a fracture of the humerus, of
whom 30 were classified as abused, 23 had suspected
abuse, 100 had fractures resulting from non-abusive
injury, and one was involved in a motor vehicle crash.
All children were under 3 years old.
The overall estimate of the probability of suspected
abuse, given a humeral fracture, in a child under 3 was
0.54 (0.20 to 0.88) (top panel, fig 3).Whenwe excluded
cases of suspected abuse, the probability that a humeral
fracture was due to abuse was 0.48 (0.06 to 0.94)
(bottom panel, fig 3).
Strait and colleagues gave the lowest probability for
abuse.w21 This study adopted very high diagnostic
criteria for abuse and excluded cases of abuse that were
diagnosed before the discovery of the humeral fracture
(web table 4). The authors analysed the data by age and
found that the prevalence of abuse was significantly
greater in children under 15 months with a humeral
fracture than in thosebetween15months and3years of
age. Shaw and colleagues confirmed this finding in
their analysis of fractures of the humeral shaft.w20
Supracondylar fractures were more likely to be
associated with non-abusive injury.w17 w21 This was
confirmed in a large cross sectional study that looked
specifically at displaced supracondylar fractures in 388
children of all ages.w19 Seventy nine per cent of these
fractures occurred after a fall, and only 0.5% were the
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Fig 2 | Probability of abuse given femoral fracture after
exclusion of children involved in motor vehicle crash or violent
trauma, using threshold of suspected and confirmed abuse
(top) and threshold of confirmed abuse (bottom)
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result of abuse.HoweverStrait and colleagues reported
supracondylar fractures from abuse in three of 10
abused children under 3, and the authors cautioned
that a supracondylar fracture should not be assumed to
have non-abusive causes without careful considera-
tion.w21 The most common type of humeral fracture
from abuse in children under 15 months of age was a
spiral/oblique fracture (web table 4).w1 w20 w21
The study of Kowal-Vern and colleagues was the
only one to comment on the proportion of radial and
ulnar fractures that were caused by abuse.w3 They
identified an overall abuse rate of 25% (3/12).Worlock
and colleagues described the type of fractures in 10
children with radial/ulnar fractures from abuse, of
which twoweregreenstick, onewas transverse, onewas
periosteal, and three were metaphyseal chip fractures;
in comparison, 37/40 fractures from other causes were
greenstick fractures.w1
Rib fractures
Seven cross sectional studies including rib fractures
were suitable for meta-analysis.w22-w28 They included
details of a total of 233 children: 128 were abused, 24
had diagnosed bone dysplasia, 17 were preterm babies
with perinatal complications, 43 had fractures due to
motor vehicle crashes or violent trauma, seven had
postsurgical fractures, three had birth injuries, and 11
had fractures from unknown or other non-abusive
traumatic causes. After exclusion of childrenwhowere
involved in amotor vehicle crash, documented violent
trauma cases, and postsurgical cases, the pooled
estimate of the probability of abuse given a rib fracture
was 0.71 (0.42 to 0.91) (fig 4). The data presented did
not allow us to estimate a probability for confirmed
cases. Five studies included conditions that predispose
to bone fragility as a possible cause and showed that
osteopenia of prematurity or bone dysplasia were
common causes of rib fractures in the infant/toddler
population.w22-w24 w27 w28
The radiological investigations varied between
studies and may explain the variation in prevalence
figures. One study included oblique views of the chest
in the investigationof childrenwith suspectedabuse,w22
and one study included additional scintigraphy in half
of the abused group.w24 Both of these investigations
increase the sensitivity for detection of rib fractures.
The details of chest radiograph technique were not
reported in the remaining studies. Two studies
included an independent radiology review,w22 w23
whereas the remainder relied on a review of case and
radiograph records.
All but one study showed that children who had rib
fractures from abuse had more rib fractures than those
who had not been abused (web table 5).w23 Rib
fractures from abuse were reported at any location on
the ribw23-w25 w28; they could be unilateral or bilateral.
Two studies confirmed that anterior fractures were
significantly more common in abuse and that lateral
fractures were more common in non-abused chil-
dren.w22 w24 Findings on posterior fractures were vari-
able. Barsness and colleagues found that posterior rib
fractures were significantly more common in abuse
than in non-abuse,w22 whereas neither Cadzow and
Armstrong nor Bulloch and colleagues supported this
finding.w23 w24
Skull fractures
Seven studies of children with skull fractures met our
criteria for meta-analysis.w3 w5 w6 w29-w32 These involved
a total of 520 children under the age of 6.5 years; 124
were classified as abused, 18 had fractures caused by
motor vehicle crashes or violent trauma, and 378 were
non-abused. All but one study covered an infant/
toddler age group.w32
Skull fractures are more commonly reported after
non-abusive trauma than after abusive head injury; the
point estimate of the probability of abuse given a skull
fracture was 0.30 (0.19 to 0.46) (fig 5). We could not
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Fig 3 | Probability of abuse given humeral fracture, using
threshold of suspected and confirmed abuse (top) and
threshold of confirmed abuse (bottom)
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give an estimate for confirmed cases of abuse alone or
exclude motor vehicle crashes.
Themost common fracture site in both the abuse and
non-abuse groups was parietal,w30 and the most
common fracture type was linear.w31 This finding was
supported in two further comparative studies that were
not eligible for the meta-analysis.w1 w4
The significance of complex fractures varied
between studies (web table 6).Meservy and colleagues
found no significant differences between the two
groups with respect to depressed, diastatic, or complex
fractures but found that multiple or bilateral fractures
or those that crossed suture lines were significantly
more common in abused children.w30 Billmire and
Myers found that depressed skull fractures were
equally common in abuse and non-abuse; complex
multiple fractures were associated with intracranial
injury in 4/30 abused infants but in none of the 54 non-
abused cases.w29 Stewart and colleagues studied chil-
drenunder 3monthsof age and stated that diastatic and
multiple fractures weremore common in abuse than in
non-abuse.w32 However, neither Reece and Sege nor
Leventhal and colleagues found any significant differ-
ence between the prevalence of complicated fractures
in the two groups.w4 w31
DISCUSSION
This systematic review has combined cross sectional
studies in ameta-analysis to estimate the probability of
abuse given rib fractures, skull fractures, or long bone
fractures.Wehave also identified features related to the
child or type of fracture sustained that should alert
clinicians to consider physical abuse as a possible cause
(box 2).
In the absence of a confirmed traumatic cause, rib
fractures had the highest probability (71%) of being
caused by abuse. Humeral fractures had a one in two
chance of being the result of abuse, and for femoral or
skull fractures the estimated probability was one in
three. Fractures resulting from abuse have been
described in virtually every bone in the body.
Published studies of bone fractures not described in
this review were limited to small case series and case
studies, and a comparative analysis was not possible.14
Causes of fractures
We identified a strong inverse relation between the age
of the child and the likelihood of a fracture from abuse.
A greater breakdown of age related data presented in
the primary studies would have been beneficial to the
analysis. Overall, the primary studies confirmed that
the pattern and causes of fractures varied considerably
at different stages of the child’s age and development.
Osteopenia of prematurity and bone dysplasia were
reported in the infant and toddler age groupand should
be considered as part of the differential diagnosis, with
appropriate investigations to exclude associated clin-
ical, skeletal, and biochemical abnormalities.6 The
prevalence of non-abusive traumatic causes increased
with age. This is unsurprising because of the different
hazards and environments that children are exposed to
as they grow up. Clinicians who work in the child
protection field need an understanding of some of the
basic biomechanics behind childhood injuries to
inform their decisions as to whether causal explana-
tions for a fracture are plausible.
Limitations of review
During this study, we faced many of the difficulties
identified by researchers who do diagnostic systematic
reviews, for which the methods have yet to be fully
developed.15 The quality of any review of this nature is
heavily dependent on good observational studies that
are well reported and have been done in a consistent
manner. However, a high degree of heterogeneity
existed between studies, which is reflected in the forest
plots. The between study variation that is seen may be
due to factors such as the different age ranges of the
children included in studies and the exact site of the
fractures covered, but it may also be due to variation in
the actual frequency of abuse. Unfortunately, the data
available in the primary studies were insufficient to
allow any further investigation of this.
The ranking of abuse varied considerably across
studies;we attempted to account for this in the analysis,
but identifying the different thresholds for suspicion of
abuse that were applied was difficult. International
definitions and thresholds for abuse vary greatly. The
vast majority of studies were from the United States,
where definitions of abuse differ from state to state;
although these research findings are valuable, they are
not always directly applicable to the United Kingdom.
All of the studies were retrospective and may have
been compromised by incomplete datasets. They had
the benefit, however, of information derived from case
investigations and outcomes. The absence of detail on
the radiological techniques used in many of the larger
studies weakens the data, particularly when comparing
the numbers of fractures seen in abuse and non-abuse.
The optimal investigation strategy to identify all
fractures in children with suspected abuse includes a
skeletal survey including oblique views of the chest,
which has a much higher sensitivity for identifying rib
fractures than a standard chest radiograph.16 17 We
often could not determinewhat investigations children
with suspected abuse had received. Most non-abused
McClelland 1982
Rosenberg 1982
Billmire 1985
Meservey 1987
Kowal-Vern 1992
Stewart 1993
Reece 2000
Overall
55.6 (33.7 to 75.4)
45.5 (26.9 to 65.3)
21.8 (12.9 to 34.4)
29.1 (22.1 to 37.3)
27.1 (17.4 to 39.6)
50.0 (26.8 to 73.2)
15.0 (10.7 to 20.6)
30.1 (18.9 to 45.7)
2.8
3.3
10.6
21.1
9.9
2.3
49.9
100.00
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Suspected abuse (%)
Estimate
(95% CI)
Estimate
(95% CI)
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(%)
Fig 5 | Probability of abuse given skull fracture, using threshold
of suspected and confirmed abuse
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children are unlikely to have skeletal surveys if these
are not clinically indicated. Fractures reported in these
groups are those that are clinically evident, and occult
fractures may be under-represented. As a result, an
intrinsic and unavoidable bias exists within these
studies.
Nocomparativedatawereavailable todetermine the
probability of abuse for many fracture sites. This was
particularly evident formetaphyseal fractures. Histori-
cally, metaphyseal fractures have been thought of as
strong predictors of abuse,18 but we could not find
comparative studies to support or refute this hypoth-
esis. The most comprehensive studies of metaphyseal
fractures in physical abuse have been published by
Kleinman and colleagues.19-22 These rely on a compar-
ison of radiological findings and an analysis of the
histopathology of metaphyseal lesions in a group of
fatally abused children. The studies did not meet our
inclusion criteria.
Fracture specific indicators
We have produced a descriptive analysis from
comparative studies to identify additional indicators
of abuse for certain fractures. For fractures of the
femoral shaft, a key discriminator was the motor
developmental level of the child.w16 Clinicians should
consider physical abuse in a child with a femoral shaft
fracturewho is not yet walking.Unexplainedmid-shaft
fractures of thehumerus shouldbe carefully assessed to
exclude child abuse in children under 15 months,
whereas supracondylar fractures are strong predictors
of non-abusive trauma, particularly in older children.
When skull fractures were considered, the type of
fracture sustained was not discriminatory. In 1984 an
influential study of severely abused children stated that
depressed diastatic, growing, and multiple fractures
were more common in abuse than in non-abuse.23 The
study included a considerablenumberof fatally abused
children and was not eligible for inclusion in this
systematic review. This review did not confirm these
associations, with the possible exception of multiple
fractures, bilateral fractures, or fractures that crossed
the suture lines.w30 Similarly, data on the location of rib
fractures did not confirm the widely held belief that
posterior fractures are discriminators for abuse. Multi-
ple rib fractures in any location, in the absence of overt
trauma, were strongly associated with abusive injury.
Future directions for research
Published research in this field has its limitations, and
high quality prospective studies would be valuable to
examine the deficiencies that we have identified.
Studies need to focus on preschool children and draw
on large populations to derive a meaningful sample
size. They should collect standardised data and radio-
logical investigations at the point of presentation and
relate them to the outcome of the case. Researchers
must ensure a high security of diagnosis of abuse,
adequate investigation of cases of suspected abuse for
possible organic causes, and exclusion of abuse in non-
abuse groups. Studies must include disabled children,
who are significantly under-represented in the litera-
ture but are known to be at high risk of abuse.24
Published studies to date have evaluated the associa-
tionbetweena single characteristic or a limitednumber
of characteristics of a fracture with abuse or non-abuse.
However, we know that making an assessment of the
likelihood of child abuse relies on clinicians evaluating
the whole picture and fitting several pieces of informa-
tion into a “jigsaw” to determine whether the child has
been abused. Future research should attempt to reflect
this by including amultivariate analysis of features and
how they fit together.
Conclusions
We have done a thorough systematic review of the
international literature on fractures and child abuse.
Themain benefits of this work are threefold. Firstly, we
have identified that a high proportion of fractures in
infants arise from physical child abuse. We recom-
mend that in the absence of an overt cause child abuse
should be considered and investigated as part of the
differential diagnosis in this age group. However, no
fracture on its own can be used to diagnose child abuse.
We have shown that the age andmotor developmental
level of the child together with the type and site of the
fracture are important features to consider when
assessing these children.
Secondly, we have provided a comprehensive
literature review with detailed critical appraisal of the
best comparative studies that are currently available.14
We hope that this will help clinicians who are acting as
expert medical witnesses in court and child protection
proceedings to appreciate the benefits and limitations
of the evidence base that they are using to inform
opinion. We hope that this will prevent conflicting
medical evidence in the court setting, thereby assisting
everyone involved with these complex cases. Finally,
Box 2: Features associatedwith possible child abuse
Physical abuse should be considered in the differential diagnosis when an infant (under
18months)presentswitha fracture in theabsenceofanoverthistoryof important traumaor
a knownmedical condition that predisposes to bone fragility. The following indicators can
be used to inform decisions about the likelihood of child abuse:
 Multiple fractures are more common after physical abuse than after non-abusive
traumatic injury
 A child with rib fractures has a 7 in 10 chance of having been abused
 A child with a femoral fracture has a 1 in 3-4 chance of having been abused
 Femoral fractures resulting fromabusearemore commonly seen in childrenwhoare not
yet walking
 A child aged under 3with a humeral fracture has a 1 in 2 chance of having been abused
 Mid-shaft fractures of the humerus are more common in abuse than in non-abuse,
whereas supracondylar fractures are more likely to have non-abusive causes
 An infant or toddler with a skull fracture has a 1 in 3 chance of having been abused
 Parietal and linear skull fractures are the most common type of skull fracture seen in
abuse and non-abuse
 No clear difference exists in the distribution of complex skull fractures between the two
groups
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and most importantly, we have identified many
deficiencies in the scientific research in this field, and
we have identified methodological limitations that we
hopewill informhighquality research in this field in the
future.
Contributors: AMK is the research programme director, was responsible
for methodology and data analysis, and did reviews. FD did the statistical
analysis. SD, SH, and SM were the main radiology reviewers, checked and
agreed the radiology detail of the review quality standards, and were
involved in data analysis and writing the manuscript. MM did literature
searches. PT was the orthopaedic adviser to the project, did reviews, and
checked the orthopaedic content of the paper. JRS acted as project co-
director, reviewer, and paediatric adviser to the project. SM was the
principal investigator, did reviews, scanned studies for relevance,
compiled the appendix, and analysed data. KR contributed editorial work
on the manuscript and management of the review process, provided
methodological data on the review process, and compiled website content
at www.core-info.cf.ac.uk. AMK is the guarantor.
Review team: M Barber, P Barnes, M Bhal, A Butler, J Bowen, R Brooks,
S Datta, B Ellaway, R Frost, C Graham, S Harrison, M James-Ellison, N John,
A Kemp, A Maddocks, S Maguire, S Morris, A Mott, A Naughton, C Norton,
H Payne, L Price, I Prosser, J Sibert, P Thomas, E Webb, C Woolley.
Funding:National Society for the Prevention of Cruelty to Children, which
is independent of the study group.
Competing interests: None declared.
Ethical approval: Not needed.
Provenance and peer review: Not commissioned; externally peer
reviewed.
1 Merten DF, Radlowski MA, Leonidas JC. The abused child: a
radiological reappraisal. Radiology 1983;146:377-81.
2 FeldmanKW,BrewerDK. Child abuse, cardiopulmonary resuscitation
and rib fractures. Pediatrics 1984;73:339-42.
3 BelferRA,KleinBL,Orr L.Useof theskeletalsurvey in theevaluationof
child maltreatment. Am J Emerg Med 2001;19:122-4.
4 Day F, Clegg S, McPhillips M, Mok J. A retrospective case series of
skeletal surveys in children with suspected non-accidental injury. J
Clin Forensic Med 2006;13:55-9.
5 Rennie L, Court-Brown CM, Mok JY, Beattie TF. The epidemiology of
fractures in children. Injury 2007;38:913-22.
6 Bishop N, Sprigg A, Dalton A. Unexplained fractures in infancy:
looking for fragile bones. Arch Dis Child 2007;92:251-6.
7 King J, Diefendorf D, Apthorp J, Negrete VF, CarlsonM.Analysis of 429
fractures in 189 battered children. J Pediatr Orthop 1988;8:585-9.
8 Taitz J, Moran K, O’Meara M. Long bone fractures in children under
3 years of age: is abuse being missed in emergency department
presentations? J Paediatr Child Health 2004;40:170-4.
9 Carty H, Pierce A. Non-accidental injury: a retrospective analysis of a
large cohort. Eur Radiol 2002;12:2919-25.
10 NHS Centre for Reviews and Dissemination. Undertaking systematic
reviews of research on effectiveness: CRD’s guidance for those
carrying out or commissioning reviews. CRD report no. 4. 2nd ed.
York: University of York, 2001.
11 MaguireS,MannMK,Sibert J,KempA.Are therepatternsofbruising in
childhoodwhicharediagnosticorsuggestiveofabuse?ArchDisChild
2005;90:182-6.
12 Fleiss JL. The statistical basis ofmeta analysis.StatMethodsMedRes
1993;2:121-45.
13 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177-88.
14 Welsh Child Protection Systematic Review Group. www.core-info.cf.
ac.uk.
15 Mallett S, Deeks JJ, Halligan S, Hopewell S, Cornelius V, Altman DG.
Systematic reviews of diagnostic tests in cancer: review of methods
and reporting. BMJ 2006;333:413-6.
16 Royal College of Radiologists/Royal College of Paediatrics and Child
Health. Standards for radiological investigations of suspected non-
accidental injury. London: Royal College of Paediatrics and Child
Health,
2008 (available at www.rcr.ac.uk/docs/radiology/pdf/
RCPCH_RCR_final.pdf).
17 Ingram JD, Connell J, Hay TC, Strain JD, Mackenzie T, Mueller CF.
Oblique radiographs of the chest in nonaccidental trauma. Emerg
Radiol 2000;7:42-6.
18 Caffey J. Multiple fractures in the long bones of infants suffering from
chronic subdural haematoma.AJRAm J Roentgenol1946;56:163-73.
19 Kleinman PK, Marks SC Jr. A regional approach to the classic
metaphyseal lesioninabusedinfants: theproximalhumerus.AJRAmJ
Roentgenol 1996;167:1399-403.
20 KleinmanPK,MarksSCJr.A regionalapproachtoclassicmetaphyseal
lesions in abused infants: the distal tibia. AJR Am J Roentgenol
1996;166:1207-12.
21 Kleinman PK, Marks SC Jr. A regional approach to the classic
metaphyseal lesion in abused infants: the distal femur. AJR Am J
Roentgenol 1998;170:43-7.
22 Kleinman PK, Marks SC Jr. A regional approach to the classic
metaphyseal lesion in abused infants: the proximal tibia. AJR Am J
Roentgenol 1996;166:421-6.
23 Hobbs CJ. Skull fracture and the diagnosis of abuse. Arch Dis Child
1984;59:246-52.
24 Sidebotham PD, Heron J. Child maltreatment in the ‘children of the
nineties’: the role of the child. Child Abuse Negl 2003;27:337-52.
Accepted: 22 July 2008
WHAT IS ALREADY KNOWN ON THIS TOPIC
Children who have been physically abused often sustain bony fractures
Different fracture types have variously been described as having a high probability for abuse
WHAT THIS STUDY ADDS
No one fracture in isolation is specific for physical abuse
Rib fractures, regardless of type, are highly specific for abuse in the absence of an overt
traumatic or organic cause
Fractures from child abuse are significantly more common in children under 18months of age
than in older children, which should inform the differential diagnostic approach in this age
group
RESEARCH
page 8 of 8 BMJ | ONLINE FIRST | bmj.com
